NASA Health and Air Quality Applications Progral

NCAR

Chemical Data Assimilation and Analog-Based
Uncertainty Quantification to Improve
Decision-Making in Public Health and Air Quality

Rajesh Kumar
NCAR, Boulder, CO

National Center for Atmospheric Research (NCAR)
Research Application Laboratory (RAL)
National Security Application Program (NSAP)

NSAP/RAL/NCARNational Security Applications Programm e ——————

ns Pri m Review
Burlington, Vermont, 189 Sep 2018



~\ Outline

NCAR

A Project team
A Project goal and objectives
A Tasks

NSAP/RAL/NCARNational Security Applications Programm e ——————

NASA Health and Air Quality Applications Program Review 2

Burlington, Vermont, 189 Sep 2018



NCAR

Principal Investigator:

Co-Principal Investigator:

Co-Investigators:

Collaborators:

NASA Health and Air Quality Applications Program Review
Burlington, Vermont, 189 Sep 2018

Project Team

Rajesh Kumar (NCAR/RAL, Boulder CO) /
Luca Delle Monache (Scripps/UCSD)

Gabriele Pfister (NCAR/ACOM, Boulder CO)

Stefano Alessandrini (NCAR/RAL, Boulder CO)
Barry Baker (UMD, College Park, MD)

Jamie Bresh (NCAR/MMM, Boulder CO)

Irina Djalalova (CU Boulder, Boulder CO)
David Edwards (NCAR/ACOM, Boulder, CO)
Zhiquan Liu (NCAR/MMM, Boulder CO)
Youhua Tang (UMD, College Park, MD)

Pius Lee (NOAA/ARL, College Park, MD)
Pablo Saide (UCLA, Los Angeles, CA)
James Wilczak (NOAA/ESRL, Boulder CO)

NSAP/RAL/NCARNational Security Applications Programm e ——————

3



D Project Goal & Objectives

NCAR

Goal:

A National Oceanic and Atmospheric Administration (NOAA) / National Centers for
Environmental Prediction (NCEP) air quality (AQ) forecasting system is a key tool for
decision makers across the U.S. to protect the public from poor AQ

A To enhance this decision-making activity this project aims to improve the accuracy of
NOAA/NCEP short-term predictions of ground-level ozone (O;) and particulate matter
less than 2.5 pm in diameter (PM, c) and to provide reliable quantification of their
uncertainty

Objectives:

Improve initialization of NOAA/NCEP Community Multiscale AQ (CMAQ) model
through chemical data assimilation of satellite retrieval products and in-situ
observations with the Community Gridpoint Statistical Interpolation (GSI) system

Improve CMAQ prediction accuracy and reliably quantify their uncertainty with
analog-based post-processing methods
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N\ Main Tasks

NCAR

Generating the analysis and deterministic forecasts of O; and PM, .
Analog-based methods for deterministic and probabilistic predictions of O; and PM, ¢
Two-dimensional gridded deterministic and probabilistic predictions

Transition to operations of the new AQ forecasting capability
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RNCAR Current Status: Task 1

Generating the analysis and deterministic forecasts of O, and PI\/I2 5

A Chemical transport modeling and emission processing

A Assimilation with the GSI/CMAQ system of:

O Aerosol optical depth from NASA Aqua/Terra Moderate Resolution Imaging

Spectroradiometer (MODIS) satellite instruments

O Retrieval of carbon monoxide from the NASA/Terra Measurements Of Pollution In The
Troposphere (MOPITT)
Surface observations of PM, : (and possibly of ground-level ozone) from the AIRNow
network, the Interagency Monitoring of Protected Visual Environments (IMPROVE)
stations, and the Clean Air Status and Trends Network (CASTNET)

(@]
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NCAR

X CMAQ model configuration &

CMAQversiong 5.1

CMAQresolution¢ 12 km?

Emissiong NEI2011

Biogenicemissionsg Online(BEIS)

Photolysisrates ¢Online

Other configurationoption ¢ Consistentwith NAQFC
Initial conditions¢ UsepreviousCMAQrun
Boundaryconditions¢ constantsimilarto the NAQFC

Background error generation

Ran24-h CMAQforecastsfor the FRAPPReriod (15 Jul-15
Aug2014) andfed to GEN_BEb generateBEOnatrix
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R GSI/CMAQ code development @

NCAI

GSI_start

CONVERT_CMAQ_NETCDH
CMAQ Output (converts CMAQletCDFoutput
to GSI intermediate file)

SETUPAOD_CMAQ

\ INTERP_AERO_ CM@Qerpolate CMAQdata to
READ_CMAQ_NETCDF_MA satelliteretrievallocation)

ONbF Ra / al! wigfitd (g cpMAQ AOD CALEalculate CMAQ AOD from
interpolateddata usingforward operator)
CMAQ_AOD_CALC (&alculate Jacobianof the

READ_AEROSOL (reads AC forward operator)
MOBISAOD from BUFR files) ObservatiorErroralsospecifiedhere

- e Update
ackground Error Create_berrot (read Minimization CMAQ fields GSI_end

mC;\r/]%:;airr:Cé éNNMé: e background error information) routine with
= increments
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CMAQ-MODIS AOD comparison

MODIS AOD from NASA neural network (NNR) at 10 km resolution provided by GMAO is ysed
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We cantune the backgroundand observationerrorsto improve agreementbetween
MODISand CMAQAOD(with assimilation)ut our objectivehereis to representthe
modelerrorsrealistically
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SeEffect of aSS|m|Iat|on on CMAQ PI\/I@Z;

14 + H OBS i
50N | / . A—A CMAQ (BKG) ]
P 4 12 L A—4A CMAQ (MET_BE) |

° 1 . A—A CMAQ (MET+EMIS_BE)

10 [q

| ] > 8
Sl o AR

. ‘. _ )

2

Latitude
>
S
Z
LJ
[ L4
¥ R
° .';
et sl
.... ®
()
Y
b ™
$
)
PM,; (ug m™

20N 1 1 1

120W 100W 80W 60W 0 4 8 12 16 20 24
Longitude Local Time (hour)
14 L ®—e OBS
F A—A CMAQ (BKG)

12 | A—4A CMAQ (MET_BE) 1
& A—A CMAQ (MET+EMIS_BE)
E 10 -
00
ki I
=)
A 4

15 Jul 20 Jul 25 Jul 30 Jul 04 Aug 09 Aug 14 Aug

A The assimilation of MODIS AOD in CMAQ model improves the correlation coefficient between
the model and observed PM, - by ~48-67% and reduces the mean bias by ~20-38%.
A Large improvements are seen at more than 80% of the AirNOW sites.
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Improving initial conditions with MODIS AOD assimilation improves; Rivecasts for

more than 24 hours.
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‘NCARImprovmg air guality forecasts in Delha?
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Assimilation of satellite AOD retrievals can significantly help developing countries in air
guality management.
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RNCAR Current Status: Task 2

Analog-based methods for deterministic and probablllstlc
predictions of O; and PM, .

A Improving deterministic predictions with analog-based post-processing
methods

A Providing uncertainty quantification of O, and PM,, ; predictions, that is
crucial information for effective decision-making to protect the public
health

References:
Delle Monache et al., Monthly Weather Review 2011, 2013; Djalalova et al., Atmospheric Environment, 2015
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Example of 48-h PM, - probabilistic predictions
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Drastic reduction of CMAQ errors
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AnEnerror reductions with respect to CMAQ: ~50% RMSE, ~95% BIAS
[DelleMonacheet al., revised submission, ACP, 2018]



R AnEn, CMAQ output

NCAR
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AnEngenerates forecastjuantilesthat provide information about uncertainty quantification
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a AnEn, CMAQ verification

NCAR
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hm Current Status: Task 3

Two-dimensional gridded deterministic and probabilistic predlctlons

CMAQ KFAN

Reference:
Djalalova et al., Atm. Envi., 2015
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